INTRODUCTION
The National Seismological Center of the University of Chile (CSN, Centro Sismológico Nacional) has been operating more than 100 multiparametric stations, composed of broadband seismometers, accelerometers, and Global Navigation Satellite Systems instruments, as well as nearly 300 strong-motion stations (Barrientos, 2018; Leyton et al., 2018) . This network has been recording a large amount of strong-motion data, including the 2014 Iquique earthquake (M w 8.2), the 2015 Illapel earthquake (M w 8.3), and the 2016 Chiloé earthquake (M w 7.6), along with its corresponding aftershocks (for details, see Ruiz et al., 2014 Ruiz et al., , 2016 Ruiz et al., , 2017 and several moderate magnitude events (Fig. 1) . These strong-motion records are periodically incorporated to the CSN's Strong-Motion Database (SMDB; see Data and Resources for details). In average, the SMDB incorporates 33 new strong-motion records of events from magnitude 4.0 and up every month, without considering the occurrence of major earthquakes and their corresponding aftershocks. From March 2012 to August 2017, this database included more than 4000 Chilean strong-motion records of more than 1000 events, whose magnitudes ranged between 4.0 and 8.3 (see Fig. 1 ). The network's stations are located in a variety of soils types, ranging from hard rock (average S-wave velocity in the upper 30 m: V S30 > 1500 m=s) to soft soils (V S30 < 300 m=s) (Leyton et al., 2018) . To improve our understanding of these strong-motion records, we need to gain knowledge of the dynamic behavior by this variety of site conditions.
Local site conditions play a key role in the signals recorded during earthquakes (e.g., Borcherdt, 1970; Anderson et al., 1996) . The knowledge of these characteristics is essential to understand the shaking produced by large events (Shearer and Orcutt, 1987) , causing amplifications in different period ranges of the response spectrum during an event (Mohraz, 1976; Seed et al., 1976; Lachet et al., 1996) . In this sense, the main objective of a successful site classification is to aggregate a set of sites into previously defined classes, so that the strong-motion records in a given site class present similar characteristics such as site amplification and predominant vibration periods. The pioneer work by Seed et al. (1976) , using the normalized shape of strong-motion response spectra (with a 5% damping ratio), clearly showed the relevance of site conditions on the overall spectral shapes. Later on, the use of the V S30 as a proxy for site classification gained relevance in many engineering standard codes and empirical ground motion prediction equations (GMPEs) due to the simplicity estimating it with invasive and noninvasive geophysical methods. However, limitations in the prediction of seismic amplification, especially in sites with deeper sediments (Castellaro et al., 2008; Lee and Trifunac, 2010) , required the introduction of additional variables such as the site predominant period. In fact, Yamazaki and Ansary (1997) presented evidence of the effects of hypocentral distance, magnitude, and depth on a set of over 2000 Japanese ground motions. To remove these effects, these authors proposed the use of horizontal-to-vertical (H/V) Fourier spectrum ratios from the strong-motion data, enabling a site classification. Lermo and Chávez-García (1993) proposed that, for sites with simple geology, the H/V spectral ratio of strong-motion records could be used to estimate the predominant period and the local amplification level. Later on, Zare et al. (1999) succeeded in performing a site classification for a set of Iranian stations using these H/V spectral ratios, in addition to V S30 . Based on these results, recent studies used this information to verify previous classifications developed with traditional methods (Lee et al., 2001; Ghasemi et al., 2009) . Furthermore, some studies relied on the H/V spectral ratio to classify or complement other parameters used for soil classification (Luzi et al., 2011; Castellaro and Mulargia, 2014) . These methodologies were also supported by results showing that the predictive capabilities of the predominant period were comparable to V S -based parameters and, in some cases, it performed even better (Zhao and Xu, 2013; Ghofrani and Atkinson, 2014) . A disadvantage of the classification based on the predominant period is that high dispersion in amplification can be found in sites characterized with a similar predominant period (Di Alessandro et al., 2012) . In addition, some sites may present multiple peak periods and broadband amplification, none of which can be directly related to site amplification during earthquakes.
Recently, Zhao et al. (2006) and Idini et al. (2017) proposed GMPEs for subduction environments using the horizontal-to-vertical response spectral ratio (HVRSR) to provide the site classification. Furthermore, several authors have shown that the HVRSR adequately provides the site's seismic signature (Fukushima et al., 2007; Di Alessandro et al., 2012; Zhao and Xu, 2013) . They considered the predominant period (T ) of a site as the period in which the average HVRSR has a unique peak value (P), defining categories from s II to s V (see Table 1 for details). Sites with HVRSR amplitudes consistently lower than 2 were classified as a reference rock site s I ; on the other hand, sites with a broadband of amplification or multiple peaks, were classified as s VI , as done by Di Alessandro et al.
(2012) (see Table 1 for details). For sites with a unique predominant peak (classes s II -s V ), Idini et al. (2017) observed large standard deviations in the resulting averaged amplitudes; hence, they included an additional parameter P in their classification, as shown in Table 1 (examples of this classification are presented in Fig. 2 ). Considering both T and P, we present the classification of 118 strong-motion stations, out of 246 stations that have recorded strong-motion accelerograms, present at the SMDB (see Fig. 1 and Ⓔ Table S1 , available in the electronic supplement to this article).
METHODOLOGY
We considered records from events with magnitudes larger or equal to 5.0 and hypocentral distances smaller than 500 km ( Fig. 1) , following the criteria adopted by Idini et al. (2017) . All these records were obtained from the Chilean SMDB, managed by the CSN (see Data and Resources for details). For the present study, 373 events with magnitudes larger or equal to 5.0 were considered (see Fig. 1 ). We include two events with magnitudes larger than 8.0: the 2014 Iquique (M w 8.1) and the 2015 Illapel (M w 8.3) earthquakes (white stars in Fig. 1 ), and their corresponding aftershocks. From all the events, 59% corresponds to interplate thrust earthquakes and 41% to intermediate depth intraslab earthquakes. From these events, we compiled a total of 2319 records, gathered at hypocentral distances ranging from 30 up to 500 km. A disaggregate analysis of the records is presented in Figure 2 , along with the corresponding histograms with respect to hypocentral distance and magnitude. Figure 2 shows no bias for a specific site class with respect to event magnitude or hypocentral distance: all site classes have a clear contribution of diverse set of event magnitudes and hypocentral distances. Nevertheless, histograms in Figure 2 show that most of the records have a hypocentral distance of 100 km (nearly 200 records), whereas almost 240 records belong to events of magnitude 6.0. From this data set, we did not find significant evidence of variations in the site response between moderate and large magnitude events.
For each record, we proceeded as follows: we removed the linear trend and computed the response spectrum (with a 5% damping ratio) for 100, logarithmically spaced, periods from 0.1 to 10 s. The total horizontal response spectrum was computed by the arithmetic average of the two horizontal components, to be subsequently divided, period by period by the vertical spectra; thus obtaining the HVRSR. We successfully classify a station if we had more than five records and, exceptionally, after detailed examination, with only four records; stations with less than four records were not considered. Finally, we computed the arithmetic average and standard deviation as a function of period, for every station. From a total of 246 stations with available strong-motion records, only 118 fulfilled the preceding requirements, enabling their classification.
From the resulting average HVRSR, we classify each station following Idini et al. (2017) : first, we determined the predominant period (T ) of the station as the period where the average HVRSR shows a unique peak, with amplitude larger than 2. From this value, we classify the station following the limits shown in Table 1 . Second, we determined the amplitude of the unique peak of the average HVRSR (P) and, only for those cases were P exceeds 2, this value was used for the additional classification, as presented in Table 1 . Figure 3 presents some examples of the resulting average HVRSR (continuous line) and its corresponding standard deviation (gray area); see figure caption for details. In Figure 3 , we present an example of each class of T : (a) s I , (b) s II , (c) s III , (d) s IV , (e) s V , and (f ) s VI . For all panels, both classifications (T and P) are shown in thin dashed lines and labeled at the top (for T ) and the right (for P). Figure 4 presents the classification of the 118 strong-motion stations considering predominant period (T ) and HVRSR unique peak amplitude (P). Figure 4 shows no clear correlation between the location of the station and its classification, using neither T nor P. Figure 5 presents a summary of the results, as a function of the predominant period (T ) and the HVRSR unique peak value (P), for all those sites with one clear peak (i.e., sites with classes s II -s V ). We also added a simple classification of rock or soil condition based on surface geology, obtained from the National Geological Map (Sernageomin, 2004) , shown in Ⓔ Table S1 . From these results, we estimated the percentage of sites, within each class, that correspond to rock and soil, shown in Ⓔ Table S2 . For example, for class s I , 83% of the sites correspond to rock, while for sites with long periods (classes s III , s IV , and s V , with T > 0:2 s), at least 80% of the sites correspond to soils; on the other hand, for class s II , characterized by short periods (T < 0:2 s), there is a mixture between soils (55%) and rock (45%). Finally, sites with a broadband of amplification or multiple peaks (class s VI ), we found a Site Classification
RESULTS
Not identifiable or BB amplification or 2+ peaks
Classifications based on the site predominant period (T ) and the unique peak amplitude (P). slight predominance of soils (65%) over rock sites (35%). It is worth noting that the geologic surface classification comes from a 1:1,000,000 map; hence, we would expect possible errors in this classification. Additionally, Figure 5 shows no evident correlation between the site's T and its corresponding P; furthermore, we computed the Pearson correlation coefficient (r) between both variables and obtained r 0:13. Hence, these parameters are completely independent and quantify different characteristics at a given site. Previous studies have not considered P as a parameter in their classification (Zhao et al., 2006; Fukushima et al., 2007; Di Alessandro et al., 2012; Zhao and Xu, 2013) . Even more, Ghofrani and Atkinson (2014) proposed a relationship between T and P (see equation 9a from their work). However, from figure 7 of Ghofrani and Atkinson (2014) , we see a large variability in P, ranging from 2.5 up to 4.0, also observed by Idini et al. (2017) . We believe that this variability is the result of combining sites with different dynamic properties in the same site class such as the impedance contrast between the soil and bedrock, as discussed by several authors (e.g., Ghofrani et al., 2013; Castellaro and Mulargia, 2014) . Hence, these variations will lead to errors in the potential amplification of any given site (Idini et al., 2017) . To test this hypothesis, we computed the average HVRSR for two stations with the same T classification, as shown in Ⓔ Figure S1 . Ⓔ Figure S1 shows that T07A (red) presents a large P-value, whereas R14M (green) is barely over 2; however, the average (shown in dashed black line) lies in between, probably loosing relevant information of the each site's impedance contrast.
We tested this classification performance by computing the root mean square (rms) between the observed response spectra and the predicted by the GMPE defined by Idini et al. (2017) , considering the results found in this study. We obtained an rms of 0:577 0:332; the results for all stations are shown in Ⓔ Table S1 . These results validate the used classification based on HVRSR, considering predominant period T and peak amplitude P as a key parameters.
FINAL COMMENTS
The CSN network (operating since 2012) has been continuously collecting strong-motion records from moderate-to-large magnitude Chilean earthquakes; however, the lack of information regarding the dynamic behavior of the sites limits its usability. In the present study, we applied the empirical site classification proposed by Idini et al. (2017) to this network and were able to classify 118 strong-motion stations. This classification is based on the results of the average HVRSR, considering both its predominant period (T ) and unique peak amplitude (P). Using a simple, geologic-based, classification between rock and soil site conditions, we found clear agreement with the results obtained here, despite the fact of being based in a 1:1,000,000 National Geologic Map. Furthermore, we tested the classification performance comparing the observed response spectra and the predicted by Idini et al. (2017) using the values shown in Ⓔ Table S1 , finding an rms of 0:577 0:332, validating our results.
On the other hand, from the results obtained here, no correlation is found between T and P; even more, the process of averaging HVRSR curves from different stations produces the loss of relevant information of the site's impedance contrast between the soil and bedrock. Hence, we believe that both parameters are required for a complete description of amplification and meaningful site classification.
DATA AND RESOURCES
All the data used in this study is freely available in the Chilean Strong-Motion Database (SMDB), maintained by the Centro Sismológico Nacional (CSN; evtdb.csn.uchile.cl, last accessed August 2017). Table 1 . Labels mark the stations presented in Figure 2 .
